Rabbits were injected with cell walls obtained from crown-gail tumor tissue or the corresponding ceDl walls from normal potato tissue. The serum obtained from rabbits 53 days after they were injected with tumor cell wails contained immunoglobins that reacted with both tumor and normal cel walls a,s well as with the cells from the inciting strain of Agrobacterium tumefaciens. When this serum was METHODS AND MATERIALS Tumors were induced on potato discs (Solanum tuberosum var Red Russett) by the method first described by Anand and Heberlein (1) and modified slightly in our laboratory (4). Fourteen days after inoculation of the potatoes with Agrobacterium tumefaciens strain B6, the tumors were removed from the discs and utilized in these studies. Cell walls from normal and tumor potato tissue were isolated following the procedure described by Lippincott and Lippincott (9). Tumors were induced on turnips ( tissue in 1 ml of physiologically buffered saline was sonicated with 1 ml of Freund's incomplete adjuvant to prepare the tissue as immunogens (5). The immunogens were injected subcutaneously into six sites in the neck and back of 3-month-old New Zealand Rabbits. The rabbits were boosted at 2-week intervals with immunogens (cell walls) contained in Freund's complete adjuvant. Rabbit serum was obtained at 1-week intervals starting 3 weeks after the initial inoculation by placing a Bellco suction bleeding apparatus over an incision made on the edge of the rabbit's ear vein. The blood was allowed to clot, centrifuged, and the serum pipetted off. The serum was then tested for the presence of immunoglobins by indirect immunofluorescence at 27 C. This involved carefully pipetting a 1:10 dilution of the serum over normal or tumor potato cell wall tissue slides, or slides containing cells of A. tumefaciens strain B6. This dilution was chosen since we found that it provided optimum results in our indirect immunofluorescence assay. The slides were prepared according to standard histological procedures by the Histology Department of the St. Francis Medical Center in Peoria, Illinois. The slides were then incubated in a moisture chamber for 30 min to allow for antibody attachment and then rinsed in physiologically buffered saline for 10 min. Fifty ld (20 ug) of a solution containing fluoresceinconjugated IgG, IgM, IgA anti-rabbit immunoglobins was added to the slides and the slides were treated in a similar manner as described for the rabbit serum. The anti-rabbit immunoglobins were obtained from Calbiochem and are specific for both the heavy and light chains of the induced rabbit immunoglobins. Fifty IlI of FA rhodamine fluorescent counterstain (Difco) was then applied to the slides, and the slides were placed in a moisture chamber for 20 min after which time they were rinsed for 10 min in physiologically buffered saline. The slides were then examined for fluorescent tissue using an American Optical Scope Model 110 with an American Optical Fluorescent Attachment Unit Model 2071. When no fluorescent tissue is present on the slides because ofthe lack ofspecific immunoglobin-antigen interaction an orange fluorescence appears (due to the rhodamine counterstain). The presence of specific fluorescent tissue is indicated by the appearance of a green color on the slide, and the more immunoglobins present the greater the intensity and area of this green color. Maximum fluorescence is indicated as a +4. All slide readings and gradings were double-checked by the clinical bacteriology group at St. Francis Medical Center in Peoria. The clinical bacteriology group did not know the identity of the tissues they were examining until all the readings were completed. In addition, various nonspecific staining controls such as the examination of slides without any "antigen" present, with nonrelated "antigenic" tissue were carried out to eliminate the possibility of false positives due to nonspecific tissue fluorescence.
wais and the cells of the inciting strain of Agrobacterium tumefaciens, only tumor-specific immunoglobins remained. These immunoglobins did not react with ceDl wails obtained from meristematic (nontumorous) potato
tissue. Yet this same serum reacted with crown-gail tumor cell wails obtained from turnip and carrot discs.
One of the universal characteristics of most, if not all, animal cells is the appearance of tumor-specific antigens on their surface as a result of malignant transformation (6, 7) . Crown-gall tumor formation, a neoplastic disease of plants, has long been of interest as a model system for studying tumor formation. The disease is characterized by the transformation of normal plant cells into autonomous tumor cells in a short period of time (3) . During this transformation process, the tumor undergoes many biochemical and anatomical changes (8) .
It is of interest to the crown-gall tumor problem specifically, and to the field of tumor formation in general, to METHODS AND MATERIALS Tumors were induced on potato discs (Solanum tuberosum var Red Russett) by the method first described by Anand and Heberlein (1) and modified slightly in our laboratory (4) . Fourteen days after inoculation of the potatoes with Agrobacterium tumefaciens strain B6, the tumors were removed from the discs and utilized in these studies. Cell walls from normal and tumor potato tissue were isolated following the procedure described by Lippincott and Lippincott (9) . Tumors were induced on turnips ( tissue in 1 ml of physiologically buffered saline was sonicated with 1 ml of Freund's incomplete adjuvant to prepare the tissue as immunogens (5) . The immunogens were injected subcutaneously into six sites in the neck and back of 3-month-old New Zealand Rabbits. The rabbits were boosted at 2-week intervals with immunogens (cell walls) contained in Freund's complete adjuvant. Rabbit serum was obtained at 1-week intervals starting 3 weeks after the initial inoculation by placing a Bellco suction bleeding apparatus over an incision made on the edge of the rabbit's ear vein. The blood was allowed to clot, centrifuged, and the serum pipetted off. The serum was then tested for the presence of immunoglobins by indirect immunofluorescence at 27 C. This involved carefully pipetting a 1:10 dilution of the serum over normal or tumor potato cell wall tissue slides, or slides containing cells of A. tumefaciens strain B6. This dilution was chosen since we found that it provided optimum results in our indirect immunofluorescence assay. The slides were prepared according to standard histological procedures by the Histology Department of the St. Francis Medical Center in Peoria, Illinois. The slides were then incubated in a moisture chamber for 30 min to allow for antibody attachment and then rinsed in physiologically buffered saline for 10 min. Fifty ld (20 ug) of a solution containing fluoresceinconjugated IgG, IgM, IgA anti-rabbit immunoglobins was added to the slides and the slides were treated in a similar manner as described for the rabbit serum. The anti-rabbit immunoglobins were obtained from Calbiochem and are specific for both the heavy and light chains of the induced rabbit immunoglobins. Fifty IlI of FA rhodamine fluorescent counterstain (Difco) was then applied to the slides, and the slides were placed in a moisture chamber for 20 min after which time they were rinsed for 10 min in physiologically buffered saline. The slides were then examined for fluorescent tissue using an American Optical Scope Model 110 with an American Optical Fluorescent Attachment Unit Model 2071. When no fluorescent tissue is present on the slides because ofthe lack ofspecific immunoglobin-antigen interaction an orange fluorescence appears (due to the rhodamine counterstain). The presence of specific fluorescent tissue is indicated by the appearance of a green color on the slide, and the more immunoglobins present the greater the intensity and area of this green color. Maximum fluorescence is indicated as a +4. All slide readings and gradings were double-checked by the clinical bacteriology group at St. Francis Medical Center in Peoria. The clinical bacteriology group did not know the identity of the tissues they were examining until all the readings were completed. In addition, various nonspecific staining controls such as the examination of slides without any "antigen" present, with nonrelated "antigenic" tissue were carried out to eliminate the possibility of false positives due to nonspecific tissue fluorescence.
The indirect immunofluorescence assay is routinely used by clinical laboratories to determine the presence of specific organisms and surface antigens. It is easy to perform, dependent on GALSKY, SCHEPPLER AND CRANFORD specific antigen-immunoglobin interaction, and is fairly simple to grade or score.
RESULTS
The serum taken from rabbits prior to any inoculation with the antigenic cell walls did not contain any immunoglobins capable of interacting with either the ceil wails from normal or crown-gall tumor cells as assayed by indirect immunofluorescence (data not shown). Serum taken from rabbits 33 days after inoculation with the cell walls ofeither normal or crown-gall tumor tissue contained immunoglobins that interacted with both cell wall types (data not shown). Inasmuch as the model for transformation predicts that not all the normal surface markers undergo change during transformation, these results were expected.
Since the crown-gail cell walls injected into rabbits probably contained A. tumefaciens strain B6 antigenic material, the serum from these rabbits as well as from rabbits injected with normal cell walls was assayed for A. tumefaciens specific immunoglobins. Table I demonstrates such immunoglobins present in the serum of rabbits injected with crown-gall tumor cell walls but not with normal potato cell walls. These immunoglobins were not present in serum taken prior to the inoculation of these rabbits with the "antigenic" cell wall material.
Serum obtained from rabbits 53 days after inoculation with crown-gail tumor cell walls was absorbed several times at 37 C for 10 min against uniform cell suspensions of A. tumefaciens strain B6 and normal potato cell-walls. This procedure removed from the serum all immunoglobins capable of interacting with both the bacterium and normal potato cell walls, and left only tumorspecific immunoglobins (Tables II and III) . These immunoglobins did not interact with cell wails from meristematic (nontumorous) potato tissue (Table III) . When this same serum was allowed to interact with cell wail from normal and crown-gall tissue obtained from carrots and turnips, a positive response was obtained only with the crown-gail cell wails (Table IV) . DISCUSSION The serum obtained from within New Zealand Rabbits inoculated with cell walls of crown-gall potato tissue contained immunoglobins which interacted with normal potato cell wails and crown-gall tumor cell walls, as well as with the ceils of A. tumefaciens strain B6, the inciting strain. When this serum was absorbed repeatedly against normal potato ceil walls and cells of A. tumefaciens strain B6 the immunoglobins capable of interacting with these antigens were removed and crown-gall-specific immunoglobins remained in the serum. This procedure clearly indicates that crown-gall tumor tissue, like its animal counterparts, contains The immunoglobulins tested were present in the serum of rabbits bled 53 days after inoculation with crown-gall tumor cell walls with subsequent removal of A. tumefaciens specific immunoglobulins. This serum was previously absorbed against normal cell walls in a similar manner to remove normal cell wall immunoglobulin (see Table III aIn each absorption 0.2 ml of cell suspension was absorbed against 3 ml of serum at 37 C for 10 min. The fact that the plant cell wall changes during transformation, particularly in the degree of methylation of the polygalacturonic acid moiety, has been clearly established by Lippincott and Lippincott (10). Whether these changes are related to the establishment of the tumor-specific antigenic sites remains to be determined.
Tumors induced by a variety of animal viruses result in the formation of unique antigens on the cell surface of these tumors which are antigenically constant from specimen to specimen regardless of the tissue or species of origin (2) . It appears that this may also be true for crown-gall tumors induced by A. tumefaciens strain B6, as the tumor-specific immunoglobins obtained from CROWN-GALL TUMOR-SPECIFIC ANTIGENS inoculation of rabbits with tumor cell walls from potatoes also interacts with turnip and carrot tumor tissue.
Many questions, such as the time during tumor development that these antigens first appear, remain to be answered. The establishment of the presence of tumor-specific antigens, provides further evidence for the similarities between crown-gall tumors and many animal cancers and provides investigators with an additional marker in the study of this disease.
